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Abstract 25 

Background: Previous research has found relationships between specific indoor environmental 26 

exposures and exacerbation of asthma.  27 

Objectives: The current review provides an updated summary of knowledge from the scientific 28 

literature on indoor exposures and exacerbation of asthma.  29 

Methods: Peer-reviewed articles on indoor exposures and exacerbation of asthma were 30 

identified through PubMed from 2000 to 2013, from reference lists, and from authors’ files. 31 

Articles focused on modifiable indoor exposures in relation to frequency or severity of 32 

exacerbation of asthma were selected for review. Research findings were reviewed and 33 

summarized with consideration of the strength of the evidence. 34 

Results: Sixty-nine eligible articles were included. Major changed conclusions include: a causal 35 

relationship with exacerbation for indoor dampness-related agents (in children); associations 36 

with exacerbation for dampness-related agents (in adults), endotoxin, and ETS (in pre-school 37 

children); and limited or suggestive evidence for association with exacerbation for indoor 38 

culturable Penicillium or total fungi, NO2, rodents (nonoccupational), feather/down pillows 39 

(protective relative to synthetic bedding), and (regardless of specific sensitization) dust mite, 40 

cockroach, dog, and dampness-related agents.  41 

Discussion: This review, incorporating evidence reported since 2000, increases the strength of 42 

evidence linking many indoor factors to the exacerbation of asthma. Conclusions should be 43 

considered provisional until more thorough examination of all available evidence.  44 

Conclusion: Multiple indoor exposures, especially dampness-related agents, merit increased 45 

attention to prevent exacerbation of asthma, possibly even in non-sensitized individuals. 46 
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Additional research to establish causality and evaluate interventions is needed for these and other 47 

indoor exposures.  48 

49 
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Introduction 50 

A variety of allergens, airborne irritants, and infections trigger exacerbation of asthma. As people 51 

spend over 75 percent of their time indoor (Klepeis et al. 2001), exposures found in the indoor 52 

environment are paramount. In 2000, the Committee on the Assessment of Asthma and Indoor 53 

Air of the Institute of Medicine (IOM) reviewed and summarized the scientific evidence for 54 

relationships between indoor air exposures and the exacerbation and development of asthma 55 

(IOM 2000). For exacerbation of asthma, there was sufficient evidence for a causal relationship 56 

for four exposures and association for five exposures, and limited or suggestive evidence for 57 

association with nine exposures. Since 2000, a substantial amount of research on indoor 58 

environmental exposures and exacerbation of asthma has been conducted. This review aims to 59 

provide a comprehensive update on this topic. 60 

Methods 61 

This review examines publications since 2000 relating indoor exposures and exacerbation of 62 

asthma in conjunction with prior evidence (IOM 2000) and provides conclusions about the 63 

current strength of evidence. We used a set of previously defined categories for strength of 64 

evidence (IOM 2000): 1) sufficient evidence of causal relationship, 2) sufficient evidence of an 65 

association, 3) limited or suggestive evidence of an association, 4) inadequate or insufficient 66 

evidence to determine whether or not an association exists, and 5) limited or suggestive evidence 67 

of no association (category descriptions in Supplemental Material, Table S1).  68 

 69 
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Specific priorities, inclusions, and exclusions  70 

This review considers the evidence that specific indoor environmental exposures might cause 71 

exacerbation of asthma. Eligible outcome measures included frequency or severity of respiratory 72 

symptoms, illness-related school absences, urgent care or emergency room visits, hospitalization, 73 

unscheduled healthcare visits, amount or frequency of medicine for asthma control or prevention, 74 

airway inflammation assessed by fraction of exhaled nitric oxide (FeNO), and asthma-related 75 

quality of life.  76 

Potentially modifiable biological and chemical exposures resulting from indoor sources were 77 

considered for inclusion as predictors of asthma morbidity. Infectious agents and outdoor- 78 

generated pollutants that penetrate buildings were excluded. Studies on new onset of asthma, 79 

asthma prevalence, or experimental biologic markers of asthma were excluded.  80 

Only studies of human health effects were included. Eligible study designs were controlled 81 

(experimental) exposure studies, environmental intervention studies, and a variety of 82 

observational designs: prospective or retrospective (longitudinal) cohort, case-control, and cross- 83 

sectional. Case studies and case series were ineligible. Detailed inclusion and exclusion criteria 84 

are described in the Supplemental Material, Study inclusion criteria. 85 

Literature search  86 

PubMed searches were performed in May and August, 2011 and updated August 2013. Search 87 

terms focused primarily on the indoor environmental risk factors considered in the IOM 2000 88 

review. The category tag “major” to identify articles that included the IOM risk factor as a main 89 

topic and the broader category tag “mesh” to identify articles that included the IOM risk factors 90 

as a subject, but not necessarily as a main topic, were added. This search strategy was designed 91 
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to exclude editorials, letters, commentaries, clinical trials (phases 1–4) that would assess drug 92 

development and efficacy, and studies focusing on genetic predisposition or polymorphisms 93 

associated with asthma. In addition, this search was restricted to findings published in English 94 

during the past 13 years. Further details regarding the search strategy can be found in 95 

Supplemental Material, Literature search strategy.  96 

In total, the searches yielded 2,570 articles. After application of inclusion and exclusion criteria 97 

to the abstracts, we identified 162 articles of preliminary interest. We further excluded 99 studies 98 

after reviewing full articles. Six additional peer-reviewed articles from reference lists or 99 

researchers’ files were included. Finally, 69 articles were selected for this review article. Recent 100 

findings were considered in conjunction with evidence cited in the IOM (2000). 101 

Results 102 

This review organizes evidence and conclusions by specific risk factors or exposures, ordered in 103 

categories by the previous strength of evidence for causation or association with exacerbation of 104 

asthma, as presented in the 2000 IOM review. Each section addresses a specific risk factor or 105 

exposure, presenting background material on the agent with conclusions from the IOM (2000) 106 

report, a summary of new evidence, and updated conclusions. Results are summarized in Table 107 

1. A reevaluation of prior evidence cited in the IOM (2000) review is provided in Supplemental 108 

Materials, Prior evidence for selected exposures. Eligible studies included in the current review 109 

are listed in Supplemental Material, Tables S2 through S13.  110 
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Exposures for which sufficient evidence had existed for causation of exacerbation of 111 
asthma 112 

House dust mite allergens 113 

Background 114 

 Der p I and Der p II, the major allergens identified from house dust mites, are concentrated in 115 

particles of mite feces. Because the allergens are found on large particles (mostly ≥10 µm), they 116 

become airborne relatively briefly when disturbed. Studies have found that exposure to dust mite 117 

allergens is associated with dust mite sensitization, which is associated with asthma. Reduction 118 

of exposure to these allergens decreases asthma symptoms in mite-sensitive asthmatics (IOM 119 

2000). Mechanistic studies have implicated both allergic and non-allergic mechanisms to induce 120 

airway inflammation, mirroring some clinical findings of dust mite-induced asthma morbidity in 121 

non-sensitized subjects. Protease activity of dust mite allergen can act on airway epithelial cells 122 

to induce disruption of the tight junctions between epithelial cells and activation of protease- 123 

activated receptor-2 (PAR-2), facilitating allergen delivery across epithelium (Jeong et al. 2008). 124 

Activation of PAR-2 can trigger an innate immune response and the release of proinflammatory 125 

cytokines, such as IL-6 and IL-8 from airway epithelial cells (Kauffman et al. 2006; Matsumura 126 

et al. 2012). Citing the many studies that had found exposure to dust mite allergens to be 127 

associated with dust mite sensitization—which was in turn associated with asthma—and 128 

reduction of exposure to dust mite allergens to be associated with decreased asthma symptoms in 129 

mite-sensitive asthmatics, the IOM concluded: 130 

• There is sufficient evidence of a causal relationship between dust mite allergen 131 

exposure and exacerbations of asthma in individuals specifically sensitized to dust 132 
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mites. Continual exposure to dust mite allergens is also a contributing cause of 133 

chronic bronchial hyperreactivity (IOM 2000). 134 

 Summary of new evidence 135 

Table S2 summarizes recent reported findings from 11 studies on associations of dust mite 136 

allergens with exacerbation of asthma: in children, one randomized controlled trial, four 137 

prospective, and four cross-sectional studies (including one with case-control selection but cross- 138 

sectional analysis); in adults, one randomized-control trial; and in children and adults, one cross- 139 

sectional study with findings reported only for adults.  140 

In specifically sensitized children, the intervention trial (El-Ghitany et al. 2012), all four 141 

prospective studies (Halken et al. 2003; Gent et al. 2012; Gent et al. 2009; Nitschke et al. 2006) 142 

found associations of dust mite exposure with exacerbation, with Gent et al. (2009) reporting a 143 

dose-related association of dust mite antigen with wheeze. Of three cross-sectional assessments, 144 

one (Spanier et al. 2006) found significant positive associations of dust mite exposure with 145 

exacerbation, one (Murray et al. 2006) found a nonsignificant increase, and one (Rabito et al. 146 

2011) found no association. In children not specifically sensitized, the only prospective study 147 

(Gent et al. 2009), and one (Spanier et al. 2006) of two (Rabito et al. 2011) cross-sectional 148 

studies found associations. In children of unknown sensitization, the one study (Turyk et al. 149 

2006) found no association. In adults, the one study in specifically sensitized adults found no 150 

greater benefits associated with a dust-mite reduction intervention than with control conditions 151 

(Dharmage et al. 2006). In not specifically sensitized but atopic asthmatic adults, a cross- 152 

sectional study found that exposure to mite allergen was significantly associated with more 153 

severe bronchial hyperresponsiveness (Langley et al. 2005). Spanier et al. (2006) reported a 154 
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positive association between dust mite allergen level and FeNO in dust mite sensitized children, 155 

suggesting a direct role in airway inflammation. 156 

Evidence in the IOM (2000), while clearly documenting that dust mite allergen exposure caused 157 

asthma in dust-mite sensitive children, had been less clear in documenting that such exposure 158 

caused exacerbation of existing asthma. The strongest evidence for this, the available 159 

intervention studies, had involved also many changes other than dust mite reduction. In the 160 

evidence currently available, dust mite exposure is consistently positively associated with 161 

various measures of exacerbation or severity of asthma in children, including in studies of strong 162 

design, with proper temporality, and with biologic plausibility demonstrated. In children not 163 

specifically sensitized the evidence is more sparse, although more positive than negative. In 164 

adults, the sparse evidence is not consistent, but only suggestive.  165 

Conclusion 166 

• There is sufficient evidence of a causal relationship between exposure to dust mite 167 

allergen and exacerbation of asthma in children sensitized to dust mites. 168 

• There is limited or suggestive evidence of an association between dust mite 169 

allergen exposure and exacerbations of asthma in children not sensitized to dust 170 

mites and in adults, sensitized or non-sensitized.  171 

Cat allergen 172 

Background 173 

Fel d 1 has been identified as the major cat allergen. High levels of Fel d 1 are found in the air 174 

and dust of homes with cats, but are also found in many buildings without resident cats (IOM 175 

2000). The mix of prior findings in studies of cat allergens, atopy, and asthma had been complex, 176 
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possibly suggesting different effects depending on age at exposure, level of exposure, and 177 

sensitization status. Early exposure to cats appeared possibly to prevent sensitization to cat 178 

allergens in some children, although findings had been inconsistent. The IOM concluded (IOM 179 

2000): 180 

• There is sufficient evidence of a causal relationship between cat allergen exposure 181 

and exacerbation of asthma in individuals specifically sensitized to cats (IOM 182 

2000). 183 

Summary of new evidence 184 

Table S3 summarizes evidence from seven recent available studies: in children, three prospective 185 

and three cross-sectional, and in adults and children, one cross-sectional.  186 

The prospective study by McConnell et al. (2006) found that associations of various air 187 

pollutants with bronchitic symptoms were generally greater among children living in a home 188 

with a cat. Several studies have also demonstrated that among cat-sensitized children, cat 189 

allergen exposure had a positive association with increased asthma severity, rescue medication 190 

use, frequency of asthma symptoms, or FeNO: two prospective studies (Gent et al. 2009; Gent et 191 

al. 2012) and one cross-sectional (Murray et al. 2006). In other cross-sectional studies, Turyk et 192 

al. (2006) found no significant associations, and in Spanier et al. (2006), high levels of cat 193 

allergen exposure and owning a cat were both reported to be associated with lower FeNO (i.e., 194 

less airway inflammation). This last finding may be biased by cat-allergic subjects not owning 195 

cats. In asthmatic adults who were atopic but not sensitized to cat, no association was observed 196 

between Fel d 1 and asthma including measures of forced expiratory volume in 1 second (FEV1), 197 

provocation dose causing fall in FEV1 of at least 20% (PD20), and FeNO (Langley et al. 2005). 198 



 

 12 

Thus, findings in children from prospective studies are fully consistent, and those from cross- 199 

sectional studies partly consistent, with prior findings that cat allergen exposure among cat- 200 

sensitized individuals (presumably with inflamed airways) increases asthma symptoms.  201 

Conclusion 202 

• There is sufficient evidence of a causal relationship between cat allergen exposure 203 

and exacerbation of asthma in individuals sensitized to cats.  204 

Cockroach allergens 205 

Background 206 

The major cockroach allergens include enzymes in fecal pellets that are incorporated into 207 

household dust (Rabito et al. 2011). Cockroach allergen exposure is common in inner-city 208 

residences and was considered to be an important influence on the high rates of asthma among 209 

inner-city children (IOM 2000). The evidence cited by the IOM (2000) was limited but 210 

consistent, with two positive controlled exposure studies showing responses in specifically 211 

sensitized adults and one positive prospective observational study in children. There was 212 

documented association, biologic plausibility, and apparent causality in specifically sensitized 213 

individuals. The IOM concluded: 214 

• There is sufficient evidence of a causal relationship between cockroach allergen 215 

exposure and exacerbation of asthma in individuals specifically sensitized to 216 

cockroaches (IOM 2000). 217 

Summary of new evidence 218 

Table S4 summarizes findings from seven recent studies: one prospective and six cross-sectional, 219 

all in children; one study also included adults.  220 
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The controlled exposure studies cited by the IOM (2000) provided strong evidence confirming 221 

causality in sensitized adults (Bernton et al. 1972; Kang 1976). In children, experimental studies 222 

have not been available, and the observational data are mixed. Regarding bedroom cockroach 223 

allergen, both prospective studies in specifically sensitized children both found associations with 224 

increased asthma morbidity: with over three times the rate of hospitalization in Rosenstreich et 225 

al. (1997), and with significantly more asthma symptom days, school days missed, and caretaker 226 

interrupted sleep in Gruchalla et al. (2005). Cross-sectional findings on bedroom cockroach 227 

allergen have been mixed. Gent et al. (2009) found no associations of bedroom cockroach 228 

allergen with asthma severity in those with, and in those without, specific sensitization. In 229 

children of unknown atopic status, Turyk et al. (2006) found strong, dose-related associations for 230 

bedroom cockroach antigen and number of symptoms, with ORs up to 5.8, but Spanier et al. 231 

(2006) found no associations with FeNO. 232 

For cross-sectional findings on cockroach allergen measured in kitchens, Rabito et al. (2011) 233 

reported strong associations (ORs>4) with hospital admissions, in both those with and those 234 

without specific sensitization. In cross-sectional findings based on other exposure assessments, 235 

neither of the two reports on measured cockroach antigens in living rooms (Gent et al. 2009; 236 

Turyk et al. 2006), and neither of the two on visible cockroach presence in homes found 237 

associations with exacerbation of asthma: in Bonner et al. (2006), with asthma symptoms, 238 

unscheduled medical visits, or steroid use for asthma attacks, and in Shedd et al. (2007) with 239 

asthma symptoms.  240 

The strong association of cockroach allergen with severe effects in both sensitized and 241 

nonsensitized children in one study (Rabito et al. 2011) might be due to irritant effects or non- 242 

Immunoglobulin E (IgE)-mediated sensitization mechanisms. Cockroach allergen can induce 243 
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mucosal allergic sensitization and inflammation via PAR-2 (Jeong et al. 2008), induce 244 

expression of inflammatory cytokine (e.g., IL-8, IL-6), and trigger innate immune response in the 245 

human airway epithelium (Kauffman 2006; Matsumura 2012). These findings suggest a potential 246 

mechanism for cockroach allergen-induced asthma morbidity in sensitized and non-sensitized 247 

subjects.  248 

The overall evidence demonstrates that exposure to cockroach antigen causes exacerbation of 249 

asthma in specifically sensitized adults, but such evidence is less consistent for children. 250 

Observational findings for specifically sensitized children are consistently positive from 251 

prospective studies for association with measured allergen exposures in bedrooms, which may be 252 

a critical location for exposure. Cross-sectional studies are mixed regarding bedroom exposures, 253 

limited but positive for kitchen exposures, and negative for exposures in living rooms or as 254 

assessed by visible cockroaches. A few reported associations are strong (Rosenstreich et al. 255 

1997; Turyk et al. 2006; Rabito et al. 2011), including a strong finding in non-sensitized 256 

children, but dose-response findings are available only from one study (Turyk et al. 2006). 257 

Strong study designs and improved exposure assessment may be key to future demonstration of 258 

health risks associated with cockroach allergen. 259 

Conclusion  260 

• There is sufficient evidence of a causal relationship between cockroach allergen 261 

exposure and exacerbations of asthma in individuals specifically sensitized to 262 

cockroaches, especially adults. 263 

• There is limited or suggestive evidence of association between cockroach allergen 264 

exposure and exacerbation of asthma in children not sensitized to cockroaches.  265 
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Environmental tobacco smoke exposures  266 

Background 267 

A substantial body of research has assessed the respiratory health effects of involuntary exposure 268 

to environmental tobacco smoke (ETS). Tobacco smoke contains solid particles and semi- 269 

volatile and volatile organic compounds. These compounds include known or suspected eye and 270 

respiratory irritants, toxicants, mutagens, and carcinogens (Zeise et al. 1997). Distinguishing the 271 

effects of acute versus chronic ETS exposure is challenging, except by controlled chamber 272 

studies, which have only been conducted in adults (IOM 2000). Therefore, all observational 273 

studies are considered to assess chronic ETS exposure. The IOM concluded: 274 

• There is sufficient evidence of a causal relationship between chronic ETS 275 

exposure and exacerbations of asthma in preschool-aged children. 276 

• There is limited or suggestive evidence of a relationship between chronic ETS 277 

exposure and exacerbations of asthma in older children and adults. 278 

• There is limited or suggestive evidence of an association between acute ETS 279 

exposure and exacerbation in asthmatics sensitive to this exposure (IOM 2000). 280 

Summary of new evidence 281 

Table S5 summarizes 19 recent studies on ETS exposure and exacerbation of asthma: in pre- 282 

school children, two prospective studies; in older children, three prospective, one case-control, 283 

and eight cross-sectional studies; in adults and children, one prospective and one cross-sectional 284 

study, and in adults, three prospective studies. Some new findings have failed to show a 285 

relationship between ETS and exacerbation of asthma.  286 
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In preschool children, Kattan et al. (2007) found that high ETS exposures were not significantly 287 

related to increased wheeze or unscheduled medical visits, though they were associated with 288 

decreased peak flow in cold weather. Perzanowski et al. (2010) reported that, although previous 289 

ETS exposure was positively associated with FeNO, current exposure was inversely related to 290 

FeNO. ETS exposure at age 4 was associated with significantly lower FEV1 and forced 291 

expiratory flow in mid 50% of exhaled volume (FEF25–75) at age 7, but not concurrent exposure 292 

at age 7.  293 

In older children with asthma, FeNO was not associated with reported tobacco smoke exposure, 294 

serum cotinine, or hair cotinine (Dinakar et al. 2005; Spanier et al. 2006; Spanier et al. 2008). In 295 

fact, measured nicotine exposure was associated with decreased FeNO (Spanier et al. 2008) a 296 

response possibly mediated by a NOS3 genetic polymorphism (Spanier et al. 2009). Glutathione 297 

S-transferase gene variants have also been implicated in lung function response to ETS (Palmer 298 

et al. 2006). This may indicate that ETS does not cause allergic airway inflammation. Other 299 

recent studies demonstrate no difference in acute asthma symptoms or responses to emergency 300 

therapy by ETS exposure (Karadag et al. 2003; Vargas et al. 2007). 301 

In contrast, many studies in children have continued to demonstrate associations with reduced 302 

lung function, increased wheezing, nocturnal symptoms, and emergency department visits 303 

(Chapman et al. 2003; Lawson et al. 2011; Morkjaroenpong et al. 2002; Soussan et al. 2003; 304 

Sturm et al. 2004; Wang et al. 2007). Ecologic evidence presented by Herman and Walsh (2011) 305 

on adults and children demonstrated 22% lower hospital admission rates for asthma after a 306 

smoking ban in Arizona, compared to counties without bans. In adults, Eisner and colleagues 307 

demonstrated that ETS exposure was associated with greater asthma severity during follow-up, 308 

emergency department visits, and hospital admissions for asthma (Eisner et al. 2002; Eisner et al. 309 
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2005). Newman et al. (2010) reported that home ETS exposure had no significant association 310 

with, but a nonsignificant reduction in, severity or frequency of symptoms during pregnancy.  311 

Overall, regarding ETS and exacerbation of asthma in pre-school children, the basis for the prior 312 

IOM conclusion of demonstrated causality is not clear. The two recent prospective studies in pre- 313 

school children (Kattan et al. 2007; Perzanowski et al. 2010) have not found the clear 314 

relationships expected from a causal relationship. The overall evidence now, not fully consistent, 315 

seems to better support a finding of an association rather than of causality for pre-school 316 

children. For older children and adults, available evidence is very inconsistent regarding 317 

association of ETS with increased asthma morbidity. This is in agreement with the prior 318 

assessment of limited or suggestive evidence of a relationship. No additional recent evidence was 319 

identified regarding acute ETS exposure and exacerbation of asthma.  320 

Conclusion 321 

• There is sufficient evidence of an association between chronic ETS exposure and 322 

exacerbations of asthma in preschool-aged children. 323 

• There is limited or suggestive evidence of an association between chronic ETS 324 

exposure and exacerbations of asthma in older children and adults.  325 

• There is limited or suggestive evidence of an association between acute ETS 326 

exposure and exacerbation of asthma in asthmatics sensitive to this exposure. 327 
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Exposures for which sufficient evidence had existed for an association with exacerbation of 328 
asthma 329 

Dog allergens 330 

Background 331 

Two major dog allergens, Can f 1 and Can f 2, have been identified. High levels of dog dander 332 

have been found in homes with dogs and in homes and buildings without resident dogs, and 333 

positive bronchial provocation tests with dog allergen have been correlated with sensitization to 334 

dog allergen (IOM 2000). The IOM concluded: 335 

• There is sufficient evidence of an association between dog allergen exposure and 336 

exacerbation of asthma in individuals specifically sensitized to dog allergen (IOM 337 

2000). 338 

Summary of new evidence 339 

Table S5 summarizes the findings of five recent available studies: in children, three prospective 340 

and one cross-sectional, and in adults, one cross-sectional. 341 

McConnell et al. (2006) found that the presence of dogs in homes increased the effect of ambient 342 

pollutants on bronchitic symptoms in asthmatic children not assessed for specific sensitization. 343 

Two other prospective studies and the cross-sectional study found that exposure to dog allergens 344 

significantly increased asthma severity in sensitized children (Gent et al. 2009; Gent et al. 2012; 345 

Murray et al. 2006). In adults, non-sensitized subjects exposed to high levels of dog allergens 346 

also demonstrated increased airway reactivity (Langley et al. 2005). 347 

 348 
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Prior evidence had been sufficient only to suggest but not (as the IOM concluded) to establish 349 

associations between indoor dog allergen exposure and exacerbation of asthma. The addition of 350 

current findings establishes an association of dog allergen exposure to exacerbation of asthma in 351 

sensitized children, and also suggests associations in non-sensitized adults.  352 

Conclusion 353 

• There is sufficient evidence of an association between dog allergen exposure and 354 

exacerbations of asthma in children sensitized to dogs.  355 

• There is limited or suggestive evidence of an association between dog allergen 356 

exposure and exacerbations of asthma in non-sensitized adults.  357 

Fungi (quantified)  358 

Background 359 

This section reviews studies of quantified fungal exposures as triggers of asthma; effects of 360 

qualitatively assessed environmental fungi or of fungal components, fungal byproducts, or other 361 

dampness-related agents are reviewed in the section on “Dampness indicators and dampness- 362 

related agents.”  363 

Sensitization to many fungal species that occur outdoors and indoors has long been documented, 364 

but the mechanisms underlying the responses to most fungi have not been fully defined. 365 

Increased asthma severity with higher outdoor fungal spore concentrations, provocation of 366 

asthma symptoms among patients with fungal sensitivities, and reduction in asthma symptoms 367 

by desensitization with fungal antigens have been demonstrated repeatedly (IOM 2000). 368 

However, links between measured indoor fungal concentrations and exacerbation of asthma, 369 
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including relevant exposure parameters and mechanisms, have been less clear. The IOM 370 

concluded:  371 

• There is sufficient evidence of an association between fungal exposure and symptom 372 

exacerbation in sensitized asthmatics. Exposure may also be related to nonspecific 373 

chest symptoms (IOM 2000). 374 

Summary of new evidence 375 

The studies previously cited by the IOM (2000), in conjunction with Atkinson et al. (2006) and 376 

Pongracic et al. (2010), demonstrate that outdoor fungal exposures cause exacerbation of asthma 377 

in sensitized individuals. Atkinson et al. (2006), for instance, reported that outdoor fungal 378 

concentrations were positively related to children’s admissions to emergency rooms, after 379 

adjustment for pollen and air pollutants. The overall evidence documents strong association, 380 

temporality, consistency, and biologic plausibility, with dose-related response shown by 381 

Pongracic et al. (2010).  382 

Table S7 summarizes six studies providing recent evidence on indoor fungal exposure and 383 

exacerbation of asthma, all in children: five prospective and one cross-sectional. All findings 384 

described below, unless otherwise specified, refer to indoor culturable airborne fungal 385 

concentrations, measured in prospective studies in asthmatic children, with analyses adjusted for 386 

key confounding variables.  387 

Two prospective studies found that in specifically sensitized children, culturable airborne indoor 388 

Penicillium was associated with significantly increased outcomes of severe exacerbations (as 389 

unscheduled medical visits), severity, or symptoms (Pongracic et al. 2010; Gent et al. 2012), in 390 

the former study even after adjustment for outdoor fungal levels. Among children with any 391 
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fungal sensitization but not necessarily to the genus in question (26% were sensitized to 392 

Penicillium), Pongracic et al. (2010 ) found indoor culturable airborne Penicillium, and also the 393 

summed four most common fungal genera, to be associated with significantly increased severe 394 

exacerbations and symptoms, and total indoor fungal concentration associated with significantly 395 

increased severe exacerbations. Among those with any fungal sensitization, increases in 396 

symptom days associated with each specific genus were smaller among those not specifically 397 

sensitized than among those sensitized, although the decrease for Penicillium was only 5% 398 

(Pongracic et al. 2010).  399 

Among asthmatic children of unknown sensitization status, a cross-sectional study by Turyk et 400 

al. (2006) found indoor Penicillium to be associated with significantly increased symptom 401 

frequency, and a prospective study by Bundy et al. (2009) found indoor Penicillium, but not total 402 

indoor fungi, to be associated with significantly increased peak expiratory flow variability 403 

(PEFV). In contrast, Inal et al. (2007, in unadjusted analyses from a small study of 19 children, ) 404 

found no significant associations between total indoor molds or four specific genera including 405 

Penicillium, and symptom or lung function outcomes; limitations of this study reduce its 406 

importance. An important weakness of these studies on airborne culturable fungi is that all those 407 

specifying their sampling methods used 1-minute air samples, and thus had highly unreliable 408 

estimates of fungal concentrations, which have high temporal variability. Wu et al. (2010), in 409 

unadjusted analyses in children of unspecified atopic status, found that total culturable fungi in 410 

dust were associated with increased urgent care visits only in those with genetic polymorphisms 411 

that caused reduced enzymatic breakdown of chitin, an important fungal protein. (This study 412 

provides biologic plausibility for nonallergic mechanisms for exacerbation of asthma in relation 413 

to fungal exposures.). 414 
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The overall available evidence is sufficient to document that asthma exacerbation is caused by 415 

outdoor fungal exposures in those sensitized. Although these studied outdoor fungi also occur 416 

indoors, the evidence is not sufficient to demonstrate causality or association directly from 417 

indoor fungal exposures. The associations reported for Penicillium may be due to confounding 418 

by other indoor dampness-related exposures.  419 

Conclusion 420 

• There is sufficient evidence of a causal association between outdoor culturable fungal 421 

exposure and exacerbation in asthmatics sensitized to fungi. 422 

• There is limited or suggestive evidence of an association between indoor culturable 423 

Penicillium exposure and exacerbation in asthmatic children with specific 424 

sensitization, any fungal sensitization, or unspecified sensitization.  425 

• There is limited or suggestive evidence of an association between indoor total 426 

culturable fungal exposure and exacerbation of asthma in children with any fungal 427 

sensitization. 428 

Dampness or dampness-related agents  429 

Background 430 

Sufficient evidence has long been available to document associations between indicators of 431 

dampness and exacerbation of asthma and other respiratory effects. The specific dampness- 432 

related causal agents, although not identified, were assumed to be dust mite or fungal allergens 433 

(IOM 2000). The few available studies showed fairly consistent, strong associations between 434 

dampness indicators in buildings and exacerbation of asthma. The prior IOM conclusion did not 435 

clearly specify if evidence demonstrated causality or only association:  436 
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• Dampness may exacerbate existing asthma. The factors related to dampness that 437 

actually lead to the development of disease and to disease exacerbation are not yet 438 

confirmed, but probably relate to dust mite and fungal allergens (IOM 2000). 439 

Summary of new evidence 440 

Eight studies on qualitative assessments of dampness indicators (e.g., visible dampness, water 441 

damage, or mold, or mold odor) or quantified dampness and exacerbation of asthma have 442 

become available or were not previously considered. Table S8 summarizes evidence from these 443 

eight studies: in children, two controlled intervention, two prospective, and two cross-sectional 444 

studies; and in adults, one prospective and one cross-sectional study.  445 

Kercsmar et al. (2006), in a controlled intervention study in damp houses of asthmatic children, 446 

reported that comprehensive remediation of dampness sources and visible mold caused dramatic 447 

reductions in severe exacerbation of asthma. Acute care visits at 6–12 months after intervention 448 

were significantly reduced (by 90%) in the children in homes actually receiving remediation (i.e., 449 

as treated) compared to the control homes. Another intervention study (Bernstein et al. 2006) and 450 

two prospective studies (Venn et al. 2003; Hagmolen of Ten Have et al. 2007) in children found 451 

significant positive associations between dampness or mold and exacerbation or severity of 452 

asthma outcomes. Bernstein et al. (2006) performed a controlled intervention in which ultraviolet 453 

radiation was applied in home ventilation ducts to reduce microbial exposures to fungally 454 

sensitized asthmatic children. Ultraviolet radiation was associated with a significant reduction in 455 

PEFR variability and a nonsignificant reduction in FEV1; with significant reductions in severity 456 

scores for shortness of breath and chest tightness, in number of days of shortness of breath and 457 

chest tightness, and in amount of medication used; and with nonsignificant reductions in all other 458 

disease severity measures (Bernstein et al. 2006). The presumed mechanism is reduction of 459 
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unspecified microbial exposures. It should be noted that the intervention study by Burr et al. 460 

(2007) was considered ineligible because its intervention for mold removal also increased 461 

outdoor air ventilation, which reduces concentration of other indoor airborne contaminants, thus 462 

making the study benefits not specific to mold removal. 463 

Venn et al. (2003) reported a dose-related positive association of measured wall moisture with 464 

wheezing in children with persistent wheezing over three years, significantly more in atopic 465 

cases. ORs for measured bedroom moisture and night-time symptoms, and measured living room 466 

moisture and day-time symptoms, both showed dose-related responses, with ORs ranging to 7.0 467 

for the highest moisture level. Visible mold was not significantly associated with either symptom 468 

type, but was significantly associated with presence of wheezing illness. Hagmolen et al. (2007) 469 

reported that damp stains or mold growth were significantly positively associated with three 470 

asthma severity metrics. Only one third of the subjects were fungally sensitized. 471 

Of two cross-sectional studies in children, Bonner et al. (2006) found strong positive associations 472 

between home moisture or mold and three asthma severity metrics, but Teach et al. (2006) found 473 

no such relationships. Bonner et al. (2006) reported the presence of moisture or mildew at home 474 

to be associated with over three times the hospital visits for breathing-related problems, over 475 

three times the frequency of wheezing episodes, and over twice the expected frequency of night 476 

symptoms (Bonner et al. 2006). Teach et al. (2006) reported that visible dampness or mold in the 477 

home during the previous month was not associated with either unscheduled medical care visits 478 

above the median, persistent asthma symptoms, or quality of life scores below the median.  479 

In adults, a prospective study found a doubling in asthma attacks with home mold exposure 480 

(Wen et al. 2009), regardless of subject obesity. A cross-sectional study in diagnosed asthmatics, 481 
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previously cited in IOM (2000), found that both moisture meter-measured total home dampness 482 

and visible mold score had significant positive dose-related associations with asthma severity, 483 

and higher measured dampness was associated with significantly greater measured airflow 484 

obstruction (Williamson et al. 1997).  485 

The specific causal agents for exacerbations of asthma that are associated with dampness have 486 

not been identified. While it is often assumed that these agents are fungal, they may include other 487 

biologic exposures such as bacteria, amoebae, or dust mites that thrive in dampness, or 488 

nonbiologic exposures such as chemicals emitted from damp materials (Mendell et al. 2011).  489 

In these studies, evident dampness or mold or measured dampness was positively associated— 490 

with almost complete consistency—with exacerbation or severity of asthma. The intervention 491 

studies, with the strongest designs, both showed these relationships clearly. The intervention and 492 

prospective studies, both demonstrating temporality of effects, were consistent, as were all but 493 

one of the cross-sectional studies. Both Venn et al. (2003) and Williamson et al. (1997) showed 494 

strong, dose-related positive associations between measured moisture and asthma severity 495 

outcomes. Because of the implausibility of non-causal explanations for all these findings, 496 

especially Kercsmar et al. (2006), this evidence strongly suggests a causal association between 497 

indoor dampness or dampness-related agents and exacerbation of asthma in children with 498 

asthma. Few of the populations in these studies were restricted to atopic subjects, much less to 499 

those sensitized to any fungi, specific fungal genera, or dust mites.  500 

Conclusion  501 

• There is sufficient evidence of a causal association between dampness or dampness- 502 

related agents and exacerbation of asthma in children, and of an association in adults. 503 
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The evidence does not suggest that this relationship is restricted to those with specific 504 

sensitization to fungi.  505 

Nitrogen dioxide 506 

Background 507 

Nitrogen dioxide (NO2) is a common pollutant gas found indoors and outdoors. It is produced, 508 

along with other oxides of nitrogen, whenever high-temperature combustion occurs. Indoor 509 

combustion sources, including gas stoves and space heaters, kerosene space heaters, and poorly 510 

vented furnaces and fireplaces, produce high indoor NO2 concentrations. Individual NO2 511 

exposures in homes equipped with combustion appliances are usually driven by concentrations 512 

generated indoors even when elevated outdoor levels infiltrate into the home. Indoor NO2 levels 513 

in homes equipped with gas stoves are higher in kitchens than in other rooms and greatly higher 514 

during cooking. Thus, individual exposure in a home depends heavily on the amount of time 515 

spent in the kitchen during cooking (IOM 2000).  516 

In addition to nitrogen oxides, indoor combustion appliances generally emit a variety of other 517 

pollutants such as carbon monoxide, sulfur dioxide (SO2), formaldehyde, volatile organic 518 

compounds (VOCs), and submicron particulate matter (PM), some of which are known 519 

respiratory irritants. Epidemiologic studies generally have used only the presence of gas 520 

appliances as an indicator of elevated indoor NO2, or have measured NO2 but not other gas 521 

combustion emissions. Such studies thus have not been able to attribute health effects associated 522 

with gas appliances, or even with measured NO2, to NO2 exposure itself (IOM 2000). Brief, 523 

controlled high-level NO2 exposures, as might be found in poorly ventilated kitchens during gas 524 

appliance use, caused enhanced airway responsiveness in asthmatic adults (IOM 2000). The IOM 525 

concluded:  526 
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• There is sufficient evidence of an association between brief high-level exposures 527 

to NO2 and increased airway responses to both nonspecific chemical irritants and 528 

inhaled allergens among asthmatic subjects. These effects have been observed in 529 

human chamber studies at concentrations that may occur only in poorly ventilated 530 

kitchens with gas appliances in use (IOM 2000).  531 

Summary of new evidence 532 

Table S9 summarizes recent evidence from eight studies of NO2 and exacerbation of asthma: in 533 

children, two controlled intervention, four prospective cohort, and one cross-sectional study; and 534 

in adults, one prospective study. Table S10 summarizes the evidence from six studies of gas 535 

stove use and exacerbation of asthma: in children, three cross-sectional, and in adults, two 536 

prospective and one cross-sectional study.  537 

For NO2 studies in children, the two intervention studies (Pilotto et al. 2004; Gillespie-Bennett et 538 

al. 2011) replaced unflued gas heaters that emitted NO2 and other combustion products indoors. 539 

Either unreplaced gas heaters or higher NO2 were associated with increased asthma symptoms 540 

(Pilotto et al. 2004; Gillespie-Bennett et al. 2011) and/or reduced FEV2 (Gillespie-Bennett et al. 541 

2011). In prospective studies, higher indoor NO2 indoors was associated with increases in many 542 

but not all measures of asthma-related morbidity (Belanger et al. 2013; Hansel et al. 2008; 543 

Kattan et al. 2007; Fu et al. 2012). In Belanger et al. (2013), four outcomes had significant dose- 544 

related increases. However, in one study, this association was found for wheeze only in 545 

nonatopic children (Kattan et al. 2007). Fu et al. (2012) found high NO2 exposures associated 546 

with more severe asthma in children with high beta-2-adrenergic receptor (ADRB2) gene 547 

methylation. In a cross-sectional study, Belanger et al. (2006) found that measured NO2 548 

concentrations had a significant positive association with increased likelihood of wheeze and 549 
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chest tightness among asthmatic children in multifamily housing, but not in single-family 550 

housing. In adults, a prospective study (Ng et al. 2001) found adverse respiratory effects in 551 

asthmatic women associated with cooking-related measured NO2 exposures.  552 

Regarding gas stove use, two cross-sectional studies in children found associations with some 553 

but not all studied respiratory effects. Belanger et al. (2006) found that the presence of a gas 554 

stove in the home had a significant positive association with wheeze, shortness of breath, and 555 

chest tightness among children living in multi-family housing, but not single-family housing. 556 

Chapman et al. (2003) found that use of a gas stove in the home for cooking had a significant 557 

inverse relationship on FEF25–75%, FEF25–75% /forced vital capacity (FVC), FEV1, and FEV1/FVC 558 

among girls who did not take prescription respiratory medication. There was no association 559 

among girls when respiratory medication was taken, and no association at all among boys. Use 560 

of an exhaust fan had no influence on the effects of using a gas stove (Chapman et al. 2003). 561 

Bonner et al. (2006) found that the presence of a gas stove not equipped with an outside vented 562 

exhaust was not associated with any measure of asthma severity related to symptoms, missed 563 

school, unscheduled health care visits, or steroid-treated asthma attacks.  564 

Studies of gas cooking in adults included two prospective cohort studies and one cross-sectional 565 

study. Ng et al. (2001), in a prospective study, found adverse respiratory effects in asthmatic 566 

women from both short-term and repeated cooking exposures. Eisner et al. (2002) reported from 567 

a prospective study that personal use of a gas stove for cooking was not associated with asthma 568 

severity score, use of systemic corticosteroids or other asthma medications, or a history of 569 

hospitalizations and intubations. In a cross-sectional study, Eisner and Blanc (2003) reported that 570 

gas stove use had no significant association with FEV1, FVC, FEV1/FVC ratio, or FEF25–75% and 571 

no association with chronic cough or phlegm production. Gas stove use was related to a greater 572 
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risk of dyspnea, wheeze, and any respiratory symptom, although those relationships were not 573 

statistically significant (Eisner and Blanc 2003).  574 

The overall available evidence leaves unchanged, due to lack of new evidence, the IOM (2000) 575 

conclusion about brief high-level NO2 exposures in asthmatics. Substantial new evidence, 576 

although not fully consistent, shows associations between indoor NO2 exposure and exacerbation 577 

of asthma. Conclusions on this relationship are further limited by the fact that many other 578 

unmeasured combustion-related chemical and particulate compounds are emitted by gas stoves 579 

and heaters that may be related to asthma morbidity. Evidence for this relationship is thus 580 

considered to be only suggestive. Findings on gas stove use and exacerbation of asthma are too 581 

inconsistent to demonstrate associations. 582 

Conclusion 583 

• There is sufficient evidence of an association between brief high-level exposures 584 

to NO2 and increased airway responses to nonspecific chemical irritants and 585 

inhaled allergens among asthmatic subjects.  586 

• There is limited or suggestive evidence of an association between NO2 and 587 

exacerbation of asthma, although this association may be due to confounding by 588 

other consistently correlated emissions from gas stoves. 589 

• There is inadequate or insufficient evidence to determine whether an association 590 

exists between gas stove use and exacerbation of asthma. 591 
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Exposures for which limited or suggestive evidence had existed for an association with 592 
exacerbation of asthma: 593 

Domestic birds 594 

Background 595 

Respiratory allergies to birds have been known to occur among zoo keepers and pet shop 596 

workers, but specific links between exposures and exacerbations of asthma have not been made. 597 

The IOM review found that, although asthmatic symptoms had been documented in association 598 

with bird-keeping, specific bird antigens associated with allergies and asthma had not been 599 

identified and available evidence was lacking.  600 

There was an assumption that feather bedding was associated with exacerbation of asthma 601 

because of mites associated with birds, but no supportive evidence was found. The IOM report 602 

cited only one epidemiologic study, which found increased risk of wheeze in children using foam 603 

rather than feather pillows, and theorized that this association might result from bias due to 604 

parental replacement of feather bedding by synthetic bedding for symptomatic children (Strachan 605 

and Carey 1995). The IOM review also cited findings of higher dust mite antigen levels in 606 

synthetic pillows than in feather pillows and theorized the difference might result from more 607 

impermeable covers on feather bedding preventing infestation. The prior review concluded: 608 

 609 

• There is limited or suggestive evidence of an association between bird exposure 610 

and exacerbation of symptoms in bird-sensitized asthmatics. This association may 611 

be confounded by the allergic asthmatic response to mites harbored by birds. 612 
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• There is inadequate or insufficient evidence to determine whether or not an 613 

association exists between down pillows and exacerbation of symptoms or lung 614 

function in asthmatics. Down pillows are believed to be a risk factor for asthma 615 

because of their documented mite content, rather than because of the presence of 616 

bird allergen (IOM 2000). 617 

Summary of new evidence 618 

No additional evidence was available on exposure to domestic birds and exacerbation of asthma 619 

over the past decade. Evidence continues to suggest that occupational exposure is associated with 620 

the development of antibodies to feathers from specific birds (Renström et al. 2011; Swiderska- 621 

Kielbik et al. 2011), but that allergic responses may also occur to mites harbored by birds (Rimac 622 

et al. 2010). Down/feather bedding is discussed as a separate exposure, below.  623 

Conclusion 624 

• There is limited or suggestive evidence of an association between occupational 625 

exposure to birds and the exacerbation of symptoms in bird-sensitized asthmatics. 626 

This association may be confounded by the allergic asthmatic response to mites 627 

harbored by birds (IOM 2000). 628 

Formaldehyde (non-occupational) 629 

Background 630 

Formaldehyde, an aldehyde and VOC, is emitted from many building materials, items of 631 

furniture, and consumer products, and by combustion processes including those in gas stoves and 632 

tobacco smoking. Cigarette smoke is considered to be one of the largest indoor sources of 633 

formaldehyde. The strongest sources have been urea-formaldehyde foam insulation (no longer 634 
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used) and various composite wood products made with urea-formaldehyde resins. Formaldehyde 635 

is also present in outdoor air, where motor vehicle exhaust is a major source. Indoor 636 

concentrations are determined by the presence, number, and age of sources, modified by the rate 637 

of outdoor air ventilation. Formaldehyde concentrations are generally highest in newly 638 

constructed or renovated building spaces and in areas that contain new furnishings made with 639 

formaldehyde resins (IOM 2000). 640 

High-level exposure to formaldehyde has been documented to cause occupational asthma, 641 

although whether this occurs through immunologic or irritant mechanisms has been unclear. 642 

Little evidence was available related to effects of residential exposures on exacerbation of 643 

asthma (IOM 2000). The IOM concluded: 644 

• There is limited or suggestive evidence of an association between formaldehyde 645 

exposure and wheezing and other respiratory symptoms (IOM 2000). 646 

Summary of new evidence 647 

Table S11 summarizes the findings of two recent studies, both controlled exposure studies. In a 648 

blinded crossover study, exposure to 32 or 92 µg/m3 formaldehyde for 30 minutes had no effect 649 

on lung function or symptoms in asthmatic adults, but enhanced both immediate and late 650 

responses to dust mite antigen. Formaldehyde thus increased effects of a common asthma trigger 651 

without having apparent direct effects (Casset et al. 2006). A similar lack of lung function effect 652 

of 500 µg/m3 formaldehyde exposure for 60 min has been demonstrated in patients with 653 

intermittent asthma (Ezratty et al. 2007). Although epidemiologic studies have shown 654 

associations of indoor formaldehyde exposures with asthma development and prevalent asthma 655 
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in children (as reviewed by McGwin et al. 2010), evidence on exacerbation of asthma was not 656 

available.  657 

Conclusion 658 

• There is limited or suggestive evidence of an association between formaldehyde 659 

exposure and exacerbation of asthma, in particular through enhanced response to 660 

other allergens. 661 

Exposure to certain fragrances (among sensitized individuals) 662 

Background 663 

Fragrances contain a variety of chemical compounds. Some asthmatics have been reported to 664 

have symptomatic responses to some scents. The few available controlled clinical challenge 665 

studies had inconsistent findings on respiratory effects of fragrance exposure in sensitive 666 

populations, and many studies failed to control for the possible influence of odor perception. 667 

Based on the studies that did account for odor, the IOM concluded: 668 

• There is limited or suggestive evidence of an association between exposure to 669 

certain fragrances and the manifestation of respiratory symptoms in asthmatics 670 

sensitive to such exposures (IOM 2000). 671 

Summary of new evidence 672 

No recent studies were identified.  673 

Conclusion 674 

• There is limited or suggestive evidence of an association between exposure to 675 

certain fragrances and the manifestation of respiratory symptoms in asthmatics 676 

sensitive to such exposures. 677 
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Exposures for which inadequate or insufficient evidence had existed to determine an 678 

association with exacerbation of asthma 679 

Rodent allergens 680 

Background 681 

Although a number of mouse and rat allergens have been identified, these may not be the key 682 

allergens for all species potentially present in the home (IOM 2000). Work-related allergies to 683 

rats or mice are well-documented, but clear associations between rodent exposures in homes and 684 

exacerbation of asthma had not been established. The IOM concluded: 685 

• There is sufficient evidence of an association between exposure to rodents in a 686 

laboratory setting and exacerbation of symptoms or lung function in rodent- 687 

sensitized asthmatics. 688 

• There is inadequate or insufficient evidence to determine whether or not an 689 

association exists between exposure to rodents (wild or as pets) in the home and 690 

exacerbation of symptoms or lung function in rodent-sensitized asthmatics (IOM 691 

2000). 692 

Summary of new evidence 693 

Table S12 summarizes three available recent studies, all in children: one environmental 694 

intervention, one prospective, and one cross-sectional.  695 

Pongracic et al. (2008), in a controlled environmental intervention study that removed mouse 696 

allergens from the homes of inner-city children with asthma, did not find a decrease in asthma 697 

symptoms or health care utilization to be associated during the intervention year with mouse 698 

allergen reduction. They did, however, report significantly reduced school absenteeism, nights of 699 
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child and caretaker waking, and number of days on which caretakers had to change plans 700 

(Pongracic et al. 2008). The Pongracic (2008) study suggests a potential relationship between 701 

mouse allergen exposure in sensitized children and asthma severity or exacerbations. A 702 

prospective study on inner-city asthmatic children found that mouse allergen exposure 703 

contributed significantly to sensitization, but only to several nonsignificant trends for measures 704 

of asthma morbidity (Phipatanakul et al. 2000). Bonner et al. (2006), in a cross-sectional study in 705 

children of unknown sensitization status, found no association between presence of rats or mice 706 

in the home and symptoms or unscheduled medical visits; however, because sensitization status 707 

was unknown, this study does not provide information about responses of rodent-allergic 708 

children. 709 

The IOM (2000) had suggested that sufficient home exposures to rodent allergen among 710 

sensitized individuals might be expected to be associated with exacerbation of asthma, but 711 

insufficient information was available on home exposures and on nonoccupational sensitization. 712 

A reconsideration of evidence previously considered by the IOM (2000) on occupational rodent 713 

exposure, which demonstrates strong, consistent, temporally appropriate, and biologically 714 

plausible relationships, leads to a conclusion of a causal relationship between occupational 715 

rodent exposure and exacerbation of asthma in sensitized adult workers. Also, recent evidence 716 

shows a substantial minority of inner city homes to have rodent allergen levels comparable to 717 

occupational settings, and also to have rodent-sensitized children (e.g., Matsui et al. 2005). 718 

The two available studies on asthmatic response to rodent allergen among sensitized children, a 719 

controlled intervention and a prospective study, found either significant effects for several but 720 

not other outcomes, or small and not statistically significant effects in only a few outcomes. 721 

These findings do not suggest a clear association. However, together with a determination that 722 
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occupational rodent exposure causes exacerbation of asthma in sensitized adult workers, and the 723 

recent findings about home exposures, these findings suggest possible associations in 724 

populations of highly exposed, sensitized children.  725 

Conclusion 726 

• There is sufficient evidence of a causal association between exposure to rodents in 727 

a laboratory setting and exacerbation of symptoms or lung function in rodent- 728 

sensitized asthmatics. 729 

• There is limited or suggestive evidence of an association between exposure to rats 730 

or mice in the home and increased exacerbation or severity of asthma in rodent- 731 

sensitized asthmatic children. 732 

Cow and horse allergens (acute, non-occupational exposures) 733 

Background 734 

Although occupational allergy to cows or horses has been well recognized, data for non- 735 

occupational exposures have not been not readily available. In contrast, there has been increasing 736 

evidence that living on farms with animals may protect children against development of atopy 737 

and atopic asthma (IOM 2000). The IOM concluded:  738 

• There is inadequate or insufficient evidence to determine whether or not an 739 

association exists between cow or horse allergen in the home and the exacerbation 740 

of asthma in sensitive children (IOM 2000). 741 

Summary of new evidence 742 

No recent studies were identified.  743 
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Conclusion 744 

• There is inadequate or insufficient evidence to determine whether or not an 745 

association exists between cow or horse allergen in the home and the exacerbation 746 

of asthma in sensitive children. 747 

Endotoxins 748 

Background 749 

Endotoxins are compounds found in the outer membranes of Gram-negative bacteria. These 750 

bacteria are associated with the presence of pets, rodents, and dampness or mold in homes. Toxic 751 

effects associated with endotoxins are considered to come from a specific endotoxin, 752 

lipopolysaccharide (LPS). Toxicologic and epidemiologic studies have demonstrated that 753 

endotoxins cause inflammatory and atopic responses in nonasthmatic and asthmatic subjects, but 754 

are also associated with decreased atopy. Variations in the structure of the polysaccharide chain 755 

or its lipid portion in different bacteria, the route of exposure, dose rate, age at exposure, and 756 

atopic status all potentially influence the biological effects. Adverse effects from endotoxins 757 

were apparently increased by other dampness-associated agents, and vice versa (IOM 2000). 758 

Because the available evidence supported predictions of either increased or decreased 759 

inflammatory responses in asthmatic individuals exposed to endotoxins, the IOM concluded:  760 

• There is inadequate or insufficient information to determine whether or not an 761 

association exists between low-level indoor endotoxin exposure and asthma 762 

exacerbation (IOM 2000). 763 
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Summary of new evidence 764 

Two studies cited by the IOM (2000) provided initial evidence linking indoor endotoxin 765 

exposures to exacerbation of asthma: experimental endotoxin exposure increased bronchial 766 

responsiveness to histamine among asthmatic adults, lasting five hours, but not nonasthmatic 767 

adults (Michel et al. 1989); and a cross-sectional study showed that endotoxin content of house 768 

dust was associated with increased asthma severity in dust mite-sensitized adults, but 769 

concentration of dust mite allergen was not (Michel et al., 1996). 770 

Table S13 describes three recent studies available on endotoxins and exacerbation of asthma: in 771 

children, one cross-sectional study; in adults, one controlled challenge study; and in adults and 772 

children, one cross-sectional study. Two studies provide more evidence associating elevated 773 

endotoxin levels with increased asthma severity and bronchial hyperresponsiveness (Rabinovitch 774 

et al. 2005; Thorne et al. 2005). Rabinovitch et al. (2005) measured personal daily endotoxin 775 

exposures of children in particulate fractions of PM up to 2.5 µm diameter (PM2.5) and up to 10 776 

µm diameter (PM10). Endotoxin levels were related to clinically significant increases in asthma 777 

severity indices. Personal endotoxin exposures had a significant positive association with asthma 778 

symptom scores and with evening FEV1, but not with morning FEV1. Thorne et al. (2005) 779 

reported that endotoxin in bedroom floor dust was associated with significantly elevated ORs for 780 

asthma symptoms, asthma medication use, and wheezing; similar but lower associations were 781 

found for bedding endotoxin concentrations. No association of increased hay fever risk or 782 

protection was found. These effects of endotoxins were found in adults, but not children. The 783 

authors concluded that U.S. household endotoxin exposures are associated with asthma 784 

symptoms, current asthma medication use, and wheezing, but not with allergy (Thorne et al. 785 
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2005). Kitz et al. (2006) found that controlled inhalation challenge to LPS in asthmatic adults 786 

caused a significant fall in FEV1 90 minutes later, reaching a maximum after 120 minutes.  787 

Overall evidence suggests that endotoxin exposure is associated with increased inflammation and 788 

asthma severity, but not increased allergy. In fact, a growing number of studies suggest that early 789 

life microbiologic exposures to endotoxin may protect against later atopy (e.g., Lawson et al. 790 

2012; Illi et al. 2014), although they are also associated with increased wheeze (Celedon et al. 791 

2007). This potentially protective effect is consistent with the “hygiene hypothesis,” which 792 

postulates that growing up in a microbially more hygienic and less diverse environment may 793 

increase risk of developing respiratory allergies (Heederik and von Mutius 2012). In contrast, 794 

damp or moldy buildings, even though they are associated with increased endotoxin, seem only 795 

to increase, not decrease, the development of respiratory disease, even in infants (Mendell et al. 796 

2011).  797 

The available evidence shows a clear association of indoor endotoxin exposure with 798 

exacerbation among asthmatic individuals, regardless of whether early exposures prevent 799 

later development of allergies. With strong and consistent effects shown in epidemiologic 800 

studies and controlled exposures, biologic plausibility for inflammatory effects, and 801 

appropriate temporal relationships, the evidence is close to documenting a causal 802 

relationship between endotoxin and exacerbation in asthmatics. However, the dual 803 

protective and adverse effects suggest caution in labeling indoor endotoxin simply as an 804 

adverse causal exposure. The roles of timing, dose, and circumstance of this protective 805 

response to exposure need to be better delineated. 806 
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Conclusion 807 

• There is sufficient evidence of an association between indoor endotoxin exposure 808 

and exacerbation of asthma in individuals with asthma. 809 

Houseplants 810 

Background 811 

In theory, houseplants have the potential to release pollen, sap, and other plant parts, or to host 812 

pests or fungi that could release allergens, thus provoking allergic responses in people with the 813 

necessary sensitization (IOM 2000). Because no studies had been conducted to document these 814 

relationships, the IOM concluded:  815 

• There is inadequate or insufficient evidence to determine whether or not an 816 

association exists between exposures from houseplants and the exacerbation of 817 

asthma (IOM 2000). 818 

Summary of new evidence 819 

No recent studies have addressed houseplant exposure. 820 

Conclusion 821 

• There is inadequate or insufficient evidence to determine whether or not an 822 

association exists between exposures from houseplants and the exacerbation of 823 

asthma. 824 

Pesticides 825 

Background 826 

Pesticides include many kinds of fungicides, herbicides, insecticides, and rodenticides. Pesticides 827 

are reportedly used in more than 80 percent of U.S. homes. Inhalation and dermal absorption are 828 
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two potential routes of exposure to pesticides used in the home. The diversity of pesticides used 829 

in homes suggests that their relationships to exacerbation of asthma will not be uniform (IOM 830 

2000). The IOM concluded:  831 

• There is inadequate or insufficient evidence to determine whether or not an 832 

association exists between pesticide exposures at the levels typically encountered 833 

in non-occupational or residential settings and the exacerbation of asthma (IOM 834 

2000).  835 

Summary of new evidence 836 

No recent data have directly addressed pesticides in relation to exacerbation of asthma. In a 837 

longitudinal study in the Center for the Health Assessment of Mothers and Children of Salinas 838 

(CHAMACOS), increased Th2, asthma, and wheeze outcomes in children were associated with 839 

reported maternal work in agriculture, which may be an indirect indicator of pesticide exposure 840 

to children, either prenatally or at home (Duramad et al. 2006). 841 

Conclusion 842 

• There is inadequate or insufficient evidence to determine whether or not an 843 

association exists between pesticide exposures at the levels typically encountered 844 

in non-occupational or residential settings and the exacerbation of asthma. 845 

Plasticizers 846 

Background 847 

Plasticizers are chemicals that increase the flexibility of plastic resins. A major use of plasticizers 848 

is in polyvinyl chloride, widely used indoors in sheet vinyl flooring, wall coverings, vinyl 849 

upholstery, and shower curtains. These products are major sources of plasticizer residues, such as 850 
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di(2-ethylhexyl) phthalate (DEHP) in homes (IOM 2000). DEHP was associated with airway 851 

inflammation and possibly with asthma causation. Occupational exposure to plasticizers at high 852 

levels was also associated with exacerbation of asthma and asthma causation. The available 853 

evidence was very limited. The review concluded: 854 

• There is inadequate or insufficient evidence to determine whether or not an 855 

association exists between non-occupational exposure to plasticizers and the 856 

exacerbation of asthma (IOM 2000). 857 

Summary of new evidence 858 

Recent studies have demonstrated associations between the presence of plastic materials in 859 

homes and increased allergies, respiratory symptoms, and diagnosed asthma (Jaakkola et al. 860 

2000; Jaakkola et al. 2006; Jaakkola and Knight 2008; Mendell 2007), but have not evaluated 861 

effects on exacerbation of asthma.  862 

Conclusion 863 

• There is inadequate or insufficient evidence to determine whether or not an 864 

association exists between non-occupational exposure to plasticizers and 865 

exacerbations of asthma. 866 

Volatile organic compounds other than formaldehyde  867 

Background 868 

Personal exposures to VOCs are dominated by indoor exposures, even in areas near major 869 

outside VOC sources. Hundreds of VOCs have been measured in indoor air, and their diversity 870 

suggests non-uniformity in their potential associations with health. Buildings contain numerous 871 

sources of VOCs, including tobacco smoke, combustion appliances, building and renovation 872 
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materials, house cleaning and maintenance products, solvents, photocopying machines, dry- 873 

cleaned clothes, personal care products, printed materials, room deodorizers, moth crystals, and 874 

chlorinated water. The main factors influencing exposures are the presence of materials, 875 

emission rates, ventilation, and personal behavior (IOM 2000). Very limited evidence suggested 876 

any associations between exposures to VOCs indoors and exacerbation of asthma. The multiple 877 

correlations between the few studied compounds and many others, often unmeasured, made it 878 

difficult to implicate specific VOCs. The IOM review concluded: 879 

 There is inadequate or insufficient evidence to determine whether or not an association exists 880 

between indoor residential VOC exposures and the exacerbation of asthma (IOM 2000). 881 

Summary of new evidence 882 

While some studies have suggested associations between indoor VOCs or semi-VOCs and 883 

respiratory or allergic effects (Mendell 2007; Choi et al. 2010; Arif et al. 2007; Rumchev et al. 884 

2004), and between outdoor VOCs and exacerbation of asthma (Delfino et al. 2003), no new 885 

evidence related to exacerbation of asthma by indoor VOCs was identified.  886 

Conclusion 887 

• There is inadequate or insufficient evidence to determine whether or not an 888 

association exists between indoor residential VOC exposures (other than 889 

formaldehyde) and exacerbation of asthma. 890 
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Pollen exposures indoors 891 

Background 892 

The primary source of indoor pollen is infiltration from outdoors. Evidence of outdoor pollen in 893 

indoor dust samples suggests it may be an important exposure for exacerbation of asthma (IOM 894 

2000). Because of lack of any direct evidence, the IOM concluded: 895 

• There is inadequate or insufficient evidence to determine whether or not an 896 

association exists between pollen exposure in the indoor environment and the 897 

exacerbation of asthma (IOM 2000). 898 

Summary of new evidence 899 

No recent evidence regarding indoor pollen exposure and exacerbation of asthma was identified.  900 

Conclusion 901 

• There is inadequate or insufficient evidence to determine whether or not an 902 

association exists between pollen exposure in the indoor environment and the 903 

exacerbation of asthma. 904 

Down/feather bedding/synthetic bedding 905 

Background 906 

This question had been considered by the IOM (2000) in the context of bird-related allergy. 907 

Down, compared to synthetic, bedding was believed to exacerbate asthma because it harbored 908 

bird mites. The possibility was also considered that the increased wheeze reported among 909 

children using synthetic pillows resulted from increased mite exposure from synthetic pillows 910 

(IOM 2000). The IOM concluded: 911 
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• There is inadequate or insufficient evidence to determine whether or not an 912 

association exists between down pillows and the exacerbation of symptoms or 913 

lung function in asthmatics. Pillows are believed to be a risk factor for asthma 914 

because of their documented mite content, rather than because of the presence of 915 

bird allergen (IOM 2000). 916 

Summary of new evidence 917 

Glasgow et al. (2011) reported that dust mite-sensitized asthmatic children who used new feather 918 

pillows and quilts had nonsignificant reductions in dust mite antigen exposures and wheeze 919 

outcomes. Many other studies, reviewed by Siebers and Crane (2011), have shown feather 920 

pillows or quilts, compared to synthetic bedding, to accumulate substantially lower 921 

concentrations of dust mite antigen and to be consistently protective against many respiratory 922 

and allergic outcomes, including asthma in unselected populations of infants or children; 923 

however, evidence was not available on exacerbation of existing asthma.  924 

Conclusion 925 

• There is limited or suggestive evidence of a relationship between synthetic 926 

bedding and increased exacerbation of asthma, relative to feather bedding.  927 

Low outdoor air ventilation rates 928 

Background 929 

Low outdoor air ventilation rates in buildings lead to increased indoor concentrations of 930 

pollutants emitted indoors by occupants, furnishings, equipment, coatings and glues, cleaning 931 

products, and building materials. The IOM (2000) considered evidence on whether ventilation 932 

rates influenced indoor exposures, and concluded that low ventilation rates strongly influence the 933 
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level of many indoor exposures, including potential asthma triggers (IOM 2000). Regarding 934 

health effects, the IOM concluded: 935 

• Existing data are inadequate for conclusions regarding the association between 936 

ventilation rates or ventilation system microbiologic contamination and the 937 

exacerbation of asthma symptoms. However, there are both theoretical evidence 938 

and limited empirical data indicating that feasible modifications in ventilation 939 

rates can decrease or increase indoor concentrations of some indoor generated 940 

pollutants associated with asthma by up to 75% (IOM 2000). 941 

Summary of new evidence 942 

A substantial body of research, reviewed by Seppanen et al. (1999) suggests that lower 943 

ventilation rates in buildings are associated with a variety of symptoms, including upper and 944 

lower respiratory tract symptoms. The effect may be mediated by transmission of respiratory 945 

infections or increased indoor humidity, leading to increased dust mites, fungi, and other 946 

microorganisms indoors (Seppanen et al. 1999). No studies were identified that explicitly 947 

examine this relationship to exacerbation of asthma. The intervention study by Burr et al. (2007) 948 

was considered ineligible because its intervention included increased outdoor air ventilation and 949 

mold removal, so study benefits were not specific to increased ventilation. 950 

 Conclusion 951 

• There is insufficient evidence to determine whether an association exists between 952 

lower ventilation rates in buildings and exacerbations of asthma.  953 
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Discussion  954 

This review updates previous conclusions (IOM 2000) with recent evidence, elevating the 955 

strength of evidence for some exposures (Table 1). Major changed conclusions include: a 956 

documented causal relationship with exacerbation for indoor dampness-related agents (in 957 

children); documented associations with exacerbations for dampness-related agents (in adults), 958 

ETS (in pre-school children), and endotoxin; and limited or suggestive evidence of association 959 

with exacerbations for indoor culturable airborne Penicillium or total fungi, NO2, rodents 960 

(nonoccupational), and feather/down pillows (protective relative to synthetic bedding). There is 961 

also limited or suggestive evidence that dust mite, cockroach, dog, and dampness-related agents 962 

may exacerbate asthma even in non-sensitized individuals, suggesting pro-inflammatory effects.  963 

This review identified limited recent evidence suggesting associations between quantified indoor 964 

culturable Penicillium or total fungi and exacerbation of asthma. If confirmed in future studies, 965 

this will call into question conclusions based on the prior evidence, that available indoor 966 

microbial measurement strategies, especially culture-based assays of air samples, are not 967 

informative regarding indoor mold-related health effects (WHO 2009; Mendell et al. 2011). 968 

Earlier reviews had found no consistent associations between respiratory or allergic health 969 

outcomes and quantitative microbial measurements. For instance, few studies had reported 970 

significant positive associations between indoor airborne culturable Penicillium and specific 971 

health outcomes (and these had not included exacerbation of asthma): current asthma in adults 972 

(Dharmage et al. (2001); both wheeze and persistent cough in infants, with dose-response 973 

relationships (Gent et al. 2002); and respiratory infections in infants (Műller 2002; Stark 2003). 974 

No associations had been seen between indoor Penicillium and allergy (Dharmage et al. 2001) or 975 

allergic rhinitis (Stark et al. 2005).  976 
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Specific dampness-related causal agents for exacerbation of asthma may include biologic 977 

exposures in addition to fungi, such as bacteria, amoebas, and dust mites, or nonbiologic 978 

exposures such as chemicals emitted from damp materials (Mendell et al. 2011) (e.g., 979 

formaldehyde (McGwin et al. 2010) and 2-ethyl-1-hexanol (Norbäck et al. 2000)). Furthermore, 980 

dampness is associated with respiratory infections (Fisk et al. 2010), the most common cause of 981 

exacerbation of asthma (Jackson and Johnston 2010).  982 

Findings from interventional trials of single or multiple strategies, although the strongest study 983 

design for demonstrating causality, have often been inconsistent regarding successful reduction 984 

of exposures or exacerbation of asthma. Three interventions have sufficient evidence for 985 

implementation to reduce asthma symptoms and possibly exacerbations: a) tailored in-home 986 

education and remediation of asthma triggers, b) integrated pest management, and c) combined 987 

elimination of moisture intrusion, leaks and removal of moldy items (Krieger et al. 2010). 988 

Additional rigorous research is needed to better document causality and determine the 989 

effectiveness of specific remediation strategies (Sauni et al. 2011). 990 

This update did not include the indoor intrusion of outdoor pollutants, including ozone, SO2, 991 

NO2, fungal spores, pollen, and nonbiologic PM such as diesel exhaust particles. Outdoor 992 

exposures to PM are associated with asthmatic symptoms (Delfino et al. 2002; Rabinovitch et al. 993 

2006; Sheppard et al. 1999) and exacerbations (Chang et al. 2009; Salam et al. 2008; Spira- 994 

Cohen et al. 2011). Experimental exposures to SO2 and ozone result in exacerbation of asthma, 995 

airway inflammation, and increased response to inhaled allergens (Linn and Gong 1999; Peden et 996 

al. 1995). Some strategies for reducing pollutant exposures indoors may also reduce indoor 997 

exposures to outdoor-generated pollutants. Such strategies might include using air conditioning 998 

and high-efficiency particulate filters in home mechanical systems, and thorough daily washing 999 
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to remove allergens settled on people (Diette et al. 2008). However, reducing entry of outdoor 1000 

pollutants by keeping doors and windows closed or sealing a building against air infiltration 1001 

would result in increased indoor concentrations of indoor-generated pollutants, unless effectively 1002 

enhanced particle filtration or gas air cleaning strategies were used. In contrast, increasing 1003 

ventilation rate to dilute indoor-generated pollutants may increase indoor concentrations of 1004 

outdoor pollutants. The advantages and disadvantages of ventilation-related strategies for 1005 

controlling indoor exposures must be weighed, considering the type and amounts of specific 1006 

indoor and outdoor pollutants. For a more detailed discussion of the impact of ventilation on 1007 

indoor exposures relevant to asthma, see Chapter 10 of the IOM review (IOM 2000).  1008 

This review builds on the conclusions of the IOM 2000 document without thoroughly re- 1009 

examining prior evidence and without inclusion of unpublished studies, and therefore is limited 1010 

in its scope and potentially subject to publication bias. A further limitation is the lack of 1011 

uniformity in reviewed studies of the definitions for exacerbation of asthma and the tools 1012 

assessing exacerbation. In addition, the literature used in this review was restricted to findings 1013 

published in English. Therefore, conclusions drawn from this review should be considered 1014 

provisional.  1015 

In future research, the inconsistencies in current research may be reduced by improved exposure 1016 

assessment, such as for dampness-related microbial agents (e.g., non-culture-based, species- 1017 

specific assays), and determination of subjects’ sensitization. More rigorous study designs should 1018 

be emphasized: performing cross-sectional studies only for hypothesis generation; using 1019 

intervention, prospective, or true nested case-control designs to confirm associations; and 1020 

conducting rigorously designed intervention studies with careful measurements of exposures and 1021 

health to document the causality and effectiveness of real-world environmental interventions. 1022 
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Conclusions 1023 

This review revises prior evidence-based conclusions about relationships between specific indoor 1024 

exposures and exacerbation of asthma. Exposures to indoor dampness and dampness-related 1025 

agents have a causal relationship with exacerbation of asthma (in children). Exposures to 1026 

dampness-related agents (in adults), ETS (in pre-school children), and endotoxin are associated 1027 

with exacerbation of asthma. Exposures to indoor culturable Penicillium and total fungi, rodents 1028 

(nonoccupational), and NO2 have limited or suggestive evidence for an association with 1029 

exacerbation of asthma, and limited data suggests that exposures to feather/down pillows may 1030 

have a protective association relative to synthetic bedding. Exposures to dust mite, cockroach, 1031 

dog, fungi, and dampness-related agents also have limited or suggestive evidence for an 1032 

association with exacerbation of asthma even in non-sensitized individuals, suggesting pro- 1033 

inflammatory effects. Prospective or intervention studies are needed to confirm hypothesized 1034 

associations, and rigorous real-world environmental intervention trials are needed to demonstrate 1035 

effective remediation and resulting reductions in exacerbation of asthma.  1036 

1037 
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Table 1. Prior and updated conclusions about strength of evidence linking specific indoor exposures to increased exacerbation of asthma in 

asthmatic individuals. 

Exposures according to prior strength 
of evidence, per IOM (2000) 

Prior Conclusions (IOM 2000) Updated Conclusions 

Sufficient evidence for causation   

House dust mite allergens o There is sufficient evidence of a causal 
relationship between dust mite allergen 
exposure and exacerbations of asthma in 
individuals specifically sensitized to dust mites. 
Continual exposure to dust mite allergens is also 
a contributing cause of chronic bronchial 
hyperreactivity 

o There is sufficient evidence of a causal 
relationship between exposure to dust mite 
allergen and exacerbation of asthma in 
children sensitized to dust mites. 

o There is limited or suggestive evidence of an 
association between dust mite allergen 
exposure and exacerbations of asthma in 
children not sensitized to dust mites and in 
adults, specifically sensitized or non-sensitized 

Cat allergens o There is sufficient evidence of a causal 
relationship between cat allergen exposure and 
exacerbation of asthma in individuals specifically 
sensitized to cats 

o There is sufficient evidence of a causal 
relationship between cat allergen exposure 
and exacerbation of asthma in individuals 
specifically sensitized to cats.  

Cockroach allergens o There is sufficient evidence of a causal 
relationship between cockroach allergen 
exposure and exacerbation of asthma in 
individuals specifically sensitized to cockroaches 

o There is sufficient evidence of a causal 
relationship between cockroach allergen 
exposure and exacerbations of asthma in 
individuals specifically sensitized to 
cockroaches.  

o There is limited or suggestive evidence of 
association between cockroach allergen 
exposure and exacerbation of asthma in 
individuals not sensitized to cockroaches 
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Exposures according to prior strength 
of evidence, per IOM (2000) 

Prior Conclusions (IOM 2000) Updated Conclusions 

ETS o There is sufficient evidence to conclude that 
there is a causal relationship between chronic 
ETS exposure and exacerbations of asthma in 
preschool-aged children. 

o There is limited or suggestive evidence of a 
relationship between chronic ETS exposure and 
exacerbations of asthma in older children and 
adults. 

o There is limited or suggestive evidence of an 
association between acute ETS exposure and 
exacerbation in asthmatics sensitive to this 
exposure 

o There is sufficient evidence of an association 
between chronic ETS exposure and 
exacerbations of asthma in preschool-aged 
children.  

o There is limited or suggestive evidence of an 
association between chronic ETS exposure 
and exacerbations of asthma in older children 
and adults.  

o There is limited or suggestive evidence of an 
association between acute ETS exposure and 
exacerbation of asthma in asthmatics sensitive 
to this exposure. 

Sufficient evidence for association   

Dog allergens  o There is sufficient evidence of an association 
between dog allergen exposure and 
exacerbation of asthma in individuals specifically 
sensitized to dogs 

o There is sufficient evidence of an association 
between dog allergen exposure and 
exacerbations of asthma in children sensitized 
to dogs.  

o There is limited or suggestive evidence of an 
association between dog allergen exposure 
and exacerbations of asthma in non-sensitized 
individuals 
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Exposures according to prior strength 
of evidence, per IOM (2000) 

Prior Conclusions (IOM 2000) Updated Conclusions 

Fungi (quantified) o There is sufficient evidence of an association 
between fungal exposure and symptom 
exacerbation in sensitized asthmatics. Exposure 
may also be related to nonspecific chest 
symptoms 

o (There is sufficient evidence of a causal 
association between outdoor culturable fungal 
exposure and exacerbation in asthmatics 
sensitized to fungi.) 

o There is limited or suggestive evidence of an 
association between indoor culturable 
Penicillium exposure and exacerbation in 
asthmatic children with specific sensitization, 
any fungal sensitization, or unspecified 
sensitization.  

o There is limited or suggestive evidence of an 
association between indoor total culturable 
fungal exposure and exacerbation of asthma 
in children with any fungal sensitization. 

Dampness conditions or dampness-
related agents 

o Dampness may exacerbate existing asthma. The 
factors related to dampness that actually lead to 
the development of disease and to disease 
exacerbation are not yet confirmed, but probably 
relate to dust mite and fungal allergens 

o There is sufficient evidence of a causal 
association between dampness or dampness-
related agents and exacerbation of asthma in 
children, and of an association in adults. The 
evidence does not suggest that this 
relationship is restricted to those with specific 
sensitization to fungi or dust mite 
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Exposures according to prior strength 
of evidence, per IOM (2000) 

Prior Conclusions (IOM 2000) Updated Conclusions 

Nitrogen dioxide  o There is sufficient evidence of an association 
between brief high-level exposures to NO2 and 
increased airway responses to both nonspecific 
chemical irritants and inhaled allergens among 
asthmatic subjects. These effects have been 
observed in human chamber studies at 
concentrations that may occur only in poorly 
ventilated kitchens with gas appliances in use. 

o There is sufficient evidence of an association 
between brief high-level exposures to NO2 and 
increased airway responses to nonspecific 
chemical irritants and inhaled allergens among 
asthmatic subjects.  

o There is limited or suggestive evidence of an 
association between NO2 and exacerbation of 
asthma, although this association may be due 
to confounding by other consistently correlated 
emissions from gas stoves. 

o There is inadequate or insufficient evidence to 
determine whether an association exists 
between gas stove use and exacerbation of 
asthma. 

Limited or suggestive evidence for 
association 

  

Domestic birds o There is limited or suggestive evidence of an 
association between bird exposure and 
exacerbation of symptoms in bird-sensitized 
asthmatics. This association may be confounded 
by the allergic asthmatic response to mites 
harbored by birds. 

o There is limited or suggestive evidence of an 
association between exposure to birds and the 
exacerbation of symptoms in bird-sensitized 
asthmatics. This association may be 
confounded by the allergic asthmatic response 
to mites harbored by birds. 

Formaldehyde (non-occupational)  o There is limited or suggestive evidence of an 
association between formaldehyde exposure 
and wheezing and other respiratory symptoms 

o There is limited or suggestive evidence of an 
association between formaldehyde exposure 
and exacerbations of asthma, in particular 
through enhanced response to other allergens 
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Exposures according to prior strength 
of evidence, per IOM (2000) 

Prior Conclusions (IOM 2000) Updated Conclusions 

Fragrances, some  o There is limited or suggestive evidence of an 
association between exposure to certain 
fragrances and the manifestation of respiratory 
symptoms in asthmatics sensitive to such 
exposures (IOM 2000). 

o There is limited or suggestive evidence of an 
association between exposure to certain 
fragrances and the manifestation of respiratory 
symptoms in asthmatics sensitive to such 
exposures 

Inadequate or insufficient evidence 
for association 

  

Rodents (acute, non-occupational)  

  

o (There is sufficient evidence of an association 
between exposure to rodents in a laboratory 
setting and exacerbation of symptoms or lung 
function in rodent-sensitized asthmatics.) 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between exposure to rodents (wild or as pets) in 
the home and exacerbation of symptoms or lung 
function in rodent-sensitized asthmatics 

o (There is sufficient evidence of a causal 
association between exposure to rodents in a 
laboratory setting and exacerbation of 
symptoms or lung function in rodent-sensitized 
asthmatics.) 

o There is limited or suggestive evidence of an 
association between exposure to rats or mice 
in the home and increased exacerbations or 
severity of asthma in rodent-sensitized 
asthmatic children. 

Pesticides (residential, nonoccupational) o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between pesticide exposures at the levels 
typically encountered in non-occupational or 
residential settings and the exacerbation of 
asthma 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between pesticide exposures at the levels 
typically encountered in non-occupational or 
residential settings and the exacerbation of 
asthma. 

Plasticizers (nonoccupational) o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between non-occupational exposure to 
plasticizers and the exacerbation of asthma 
(IOM 2000). 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between non-occupational exposure to 
plasticizers and exacerbations of asthma. 
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Exposures according to prior strength 
of evidence, per IOM (2000) 

Prior Conclusions (IOM 2000) Updated Conclusions 

Volatile organic compounds  
(residential, other than formaldehyde)  

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between indoor residential VOC exposures and 
the exacerbation of asthma 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between indoor residential VOC exposures 
(other than formaldehyde) and the 
exacerbation of asthma. 

Houseplants (+ cut flowers) o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between exposures from houseplants and the 
exacerbation of asthma 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between exposures from houseplants and the 
exacerbation of asthma. 

Pollen indoors o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between pollen exposure in the indoor 
environment and the exacerbation of asthma 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between pollen exposure in the indoor 
environment and the exacerbation of asthma 

Cow and horse allergens  
(acute, non-occupational) 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between cow or horse allergen in the home and 
the exacerbation of asthma in sensitive children 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between cow or horse allergen in the home 
and the exacerbation of asthma in sensitive 
children. 

Endotoxins (low level) o There is inadequate or insufficient information to 
determine whether or not an association exists 
between low-level indoor endotoxin exposure 
and exacerbation of asthma 

o There is sufficient evidence of an association 
between indoor endotoxin exposure and 
exacerbation of asthma 

Low outdoor air ventilation rate o There is inadequate or insufficient information to 
determine whether an association exists 
between lower ventilation rates and the 
exacerbation of asthma symptoms 

o There is inadequate or insufficient evidence to 
determine whether an association exists 
between lower ventilation rates in buildings 
and exacerbations of asthma 
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Exposures according to prior strength 
of evidence, per IOM (2000) 

Prior Conclusions (IOM 2000) Updated Conclusions 

Down/feather bedding or synthetic 
bedding 

o There is inadequate or insufficient evidence to 
determine whether or not an association exists 
between down/feather pillows and exacerbation 
of symptoms or lung function in asthmatics. 
Down pillows are believed to be a risk factor for 
asthma because of their documented mite 
content, rather than because of the presence of 
bird allergen 

o There is limited or suggestive evidence that 
down/feather bedding may be protective for 
various respiratory effects relative to synthetic 
bedding, presumably due to lower content of 
dust mites,. although evidence is not available 
regarding exacerbation of asthma 

Exposures excluded from this review: all infectious agents (e.g., Chlamydia pneumoniae, Chlamydia trachomatis, Mycoplasma pneumoniae, 

Respiratory Syncytial Virus); all outdoor-generated pollutants (e.g., ozone, sulfur dioxide, nitrogen dioxide, nonbiologic particles) 


